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Abstract 
The superiority of machining process integration of integrated machines has drawn more and more attention these days. This paper
aims at machining examples of complex-shaped workpieces on the integrated mill turn center. First, it reports complex-shaped
applications on the 5-axis mill turn machine tool, and measurement and corrective machining using a non-contact sensor. Then, it
introduces the examples of ultrasonic machining of semiconductor, optical materials, and dental materials. Lastly, surface texturing
by laser machining. 
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1. Introduction 
In the era of global competition, the race for reducing 
cost and enhancing added values is getting fierce. In the 
machining tool industry, requests are increasing for the 
5-axis mill turn machine tool that functions as both 
machining center and lathe in order to deal with 
machining of complex-shaped workpieces, unification of 
parts, and integration of processes. Also, gear machining 
and grinding for process, measurement, and corrective 
machining are expected. In the advanced area such as 
optical, semiconductor, and medical fields, it is 
necessary to machine the admixture of glass or ceramics 
materials with good surface roughness, and ceramics or 
titanium materials in the dental field. Furthermore, this 
paper introduces the method to realize fine pattern of 
molds by using laser machining for automobile parts and 
electrical appliance parts. 
2. Integrated machining by 5-axis mill turn machine 
Figure 1 shows newly designed turret structure called 
built-in motor turret, in which milling power is not 
transmitted by gears or belts but directly to the tool, 
decreasing assembly complexity. Unexpectedly, the 
lathe designed after rejecting the Center Height belief 
was found to have superior performance. Compared to
previous machines, doubled turning ability and four
times milling ability were achieved.  
Figure 2 shows the structure of developed mill turn
center. It is a multi-axis machine tool with a tool spindle
and a main spindle. The tool spindle is used for milling
operation. The main spindle is for turning operation and
for holding and rotating the workpiece. A built-in motor
turret is located below the main spindle to accommodate
the turning, drilling, tapping tools or others. 
This built-in motor has index function. Coolant
delivery system shown in Figure 3 has been developed
with this function which can supply coolant fluid to the
suitable area of workpiece by index function.   
 
 
Fig.1 Built-in motor turret 
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Fig.2 Mill turn machine tool 
Next application of the built-in motor turret is 
dressing of grinding process shown in Figure 4. The 
built-in motor turret supports high performance roll-form 
and crush dressing. Dressing at full wheel speed is 
enabled. Dressing wheel ratios are precisely controlled. 
 
 
Fig.3 Coolant delivery system 
 
Fig. 4 Grinding system 
 
Fig.5 Chamber boring on mill turn machine tool 
 
Fig. 6 Gear hobbing 
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Fig. 7 Gear hobbing with double support 
Special chamber boring application is shown in 
Figure 5. The tip of the special boring tool attached to 
the rotary tool spindle is designed to be reduced or 
enlarged in the radius direction by rotating the rotary 
tool. This function enables deep boring during which a 
radius size changes. 
Figure 6 shows hobbing that is getting popular 
recently on the integrated mill turn center. A hobbing 
tool attached to the rotary tool spindle allows high-
accuracy gear machining on a universal machine by 
rotating the tool spindle and the main spindle 
simultaneously at any desired ratio using the electronic 
gear box function. The support mechanism by the lower 
turret as shown in Figure 7 is also available when the 
machining rigidity is required. 
 
 
Fig.8 Non-contact measurement system 
 
 
Fig.9 Measurement process 
As required accuracy for machine tools are getting
higher, demands for the in-machine measurement
technology on machine tools are also increased. The
equipment on machine tools used for measuring
accuracy is a contact type sensor. Sensor output is
switched on when a sensor contacts with such as a
workpiece, and this output is connected to the NC unit,
then the coordinate value when a sensor is switched on is
read. Generally, several points on the finished workpiece
are measured using a contact sensor to read the values of
inside diameter, outside diameter, center, or an
inclination of a workpiece. Thus, straightness or
roundness after machining general parts can be
measured by this method. 
Whereas for a workpiece machined to free-form
surface on the 5-axis mill turn machine tool,
measurement of many points is required. Therefore, it
takes enormous time if a conventional contact type
sensor is used, which requires a few seconds per point
for measurement. Also, if the in-machine measurement
system is not readily available, it is required to place the
finished workpiece on the three-dimensional coordinate
measurement system, measure it, and set the workpiece
on the machine again if corrective machining is required.
Under such circumstances, demands from machine tool
users were increasing for measuring a workpiece inside
the machine right before corrective machining.
Therefore, we have developed the measurement system
that is capable of measuring several points inside the
machine at high speed, as well as the machine tool
system equipped with this measurement system that
realizes corrective machining using the measured results. 
With the purpose to measure the free-form surface at
high speed, the non-contact, laser displacement sensor is
used on the measurement system. The sensor radiates
laser towards the workpiece surface to measure the
distance from the sensor to the workpiece. Repeatability
of sensor is 0.025 ȝm, and resolution is 0.1 ȝm. It
enables three-dimensional profiling of the target
workpiece by measuring 125 points per second at high
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speed and converting machine coordinates and the 
distance information from the laser displacement sensor 
into three-dimensional coordinates. Information on 
enormous number of measuring point group is analyzed 
by using measurement assist software, and this enables 
the result to be reflected to actual machining or to be 
compared with CAD data. 
Thus, it became possible to measure a free-form 
workpiece such as in Figure 8 at high speed, or to 
measure raw materials before machining such as in 
Figure 9 to generate the optimum path for corrective 
machining after finish machining. Difficult-to-cut forged 
materials whose profiles vary every piece tend to 
damage a tool. For machining of such materials, it 
became possible to prolong the tool life by eliminating 
air-cut time with scanning of the workpiece profile at 
high speed and generating the optimum machining path 
every time from the measurement result and reducing 
machining time as much as 50%. 
3. Ultrasonic machining 
It is well known that ultrasonic machining is effective 
to machine brittle materials such as ceramics and glass 
in high quality. Figure 10 shows the ULTRASONIC 
series, which enables ultrasonic machining by vibrating 
the tool in up/down directions at high frequency on high-
speed 5-axis machining centers. 
 
 
Fig.10 ULTRASONIC Series 
 
Fig. 11 HSK ULTRASONIC operation system 
 
 
Fig.12 Tool overlay with oscillating vibration 
Figure 11 shows the mechanism of ultrasonic
vibrations. The ultrasonic waves of 20-50KHz, which
are generated by the ultrasonic wave generator, are
transmitted to the piezoelectric device inside of the
special tool by the electric inductor attached to the end
face of the spindle, and ultrasonic waves with the
amplitude of 2 ȝm to 3 ȝm are generated (Figure 12).
This adds the ultrasonic vibrations in the up/down
directions to the spindle high-speed rotation, realizing
ultrasonic machining. 
 
 
Fig.13 Mirror support with light weight structure 
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Fig.14 Dental machining 
The ultrasonic cutting technology is frequently used 
for silicon, silicon carbide, silica glass, and the glass-
ceramic component produced by Zerodur in the optical 
and semiconductor industries, and the surface roughness 
of 0.2 ȝm or less is realized (Figure 13). The 
ULTRASONIC series are used in the field of cutting the 
optical material produced by Zerodur especially for 
manufacturing aspheric surface, which is installed in 
satellites especially with lightweight structure called 
mirror support. The features are; machining the rear side 
of mirror support produced by Zerodur by pocket 
grinding or blind hole drilling, the total weight is 
minimized, the diamond-coated grinding wheel is used, 
and the aspheric surface is created on the surface of the 
mirror. The maximum effect of using the 
ULTRASONIC technology in creating pockets and blind 
holes is the machining ability that removes chips at the 
maximum removal rate, which makes the ultra-thin 
section between the pockets to 0.3 mm without 
damaging expensive optical parts. In terms of the 
machining time, five times higher productivity is 
realized by utilizing the ultrasonic system compared 
with the conventional method. 
Workpieces for artificial teeth, for which the 
ULTRASONIC technology is often utilized (Figure 14), 
include implant, crown, abutment, and bridge, and the 
materials are titanium, cobalt-chromium alloy, glass 
ceramics, non-sintering zirconia, and sintering zirconia, 
etc. For example, when non-sintering zirconia is 
sintered, it is called sintering zirconia, and the material 
shrinks in the process of sintering. Therefore, the 
accuracy is enhanced when machining sintering zirconia. 
However, it is hard and brittle, so it is difficult to be 
machined. Even this type of workpiece can be machined 
accurately without chipping with a ultrasonic machine, 
which is one of its advantages. Thus, high-accuracy 
machining can be realized by selecting combinations 
depending on intended purposes. 
4. Laser machining 
 
Fig.15 Lasertec series 
 
  
Fig.16 Laser head and machine 
Fig.17 Galvanometer scanner 
In die and mold machining which requires the special
process such as surface texturing, usually workpieces are
cut into necessary shapes and etching, a chemical
process, is generally applied to provide delicate patterns
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on the surface. The Lasertec series as shown in Figure 
15 and Figure 16 are HYBRID machines, which enable 
laser machining with both abilities of high-speed cutting 
and surface processing. In the processes with 
LASERTEC 65 Shape, the laser oscillated by the laser 
oscillator provided on the upper part of the machine is 
irradiated to the workpiece via the scanner and the 
material is melted instantaneously and removed. As a 
laser source, a fiber laser, which provides flexible paths 
and great cost performance, is mounted. Highly qualified 
laser from the oscillator is pulse oscillated by the Q 
switch, realizing removal machining with high energy. 
As for the irradiated position of the laser, the special 
3-axis control optical system (the Galvano scanner 
system) directly controls the optical axes, enabling 
complicated and minute 3D-shape machining. There are 
three mirrors, the X-axis mirror, the Y-axis mirror, and 
the Z-axis mirror (the focus lens) inside the Galvano 
scanner, and they lead the laser beam to the machined 
section of the workpiece (Figure 17). 
The followings are examples for laser machining; die 
and mold machining for automotive parts (Figure 18), 
plastic bottles (Figure 19), and cell-phones (Figure 20). 
Not only usual die and mold machining for smooth 
surface but also texturing can be applied on the surface 
with highly flexible design. Previously, surface 
machining by the etching method which utilizes 
reactions by chemical agent was applied. With the 
method, however, available design was limited, and it 
was difficult to design as required. Also, to perform the 
same type of machining with a machining center, it was 
difficult to realize stable production because a small-
diameter tool needed to be used, causing long machining 
time and short tool life. In surface texturing by the laser 
machine, these limitations have been eliminated and 
flexible design can be realized in short set-up time and 
machining time. As for transformation of the machined 
surface, the depth of the hardened layer is 1 ȝm to 2 ȝm 
from the machined surface, therefore, the property of the 
material does not change, realizing equivalent or better 
property as electrical discharge machining. In 
comparison with cutting, we do not need tools and 
coolant discharge, which leads to reduction in running 
cost and environmental load. Moreover, highly reliable 
long period unmanned operation can be realized by 
contactless machining. 
 
 
Fig. 18 Die and mold for automotive 
 
 
Fig.19 Die and mold for plastic bottle 
 
Fig.20 Die and mold for mobile phone 
5. Conclusion 
This paper introduced machining of complex-shaped
workpieces using 5-axis mill turn machine tool,
Ultrasonic, and Laser machines, which were not
performed with one machine and one process, and in-
machine measuring technology. Machine tool
manufacturers need to emphasize studying advanced
machining technology like this as well as developing
new models with new functions, and we would like to
keep making further efforts. 
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